Experimental demonstration of complementarity relations between quantum
  steering criteria by Yang, Huan et al.
Experimental demonstration of complementarity relations between quantum steering criteria
Huan Yang,1, 2, 3 Zhi-Yong Ding,1, 4, 5 Xue-Ke Song,1 Hao Yuan,1, 6, 7
Dong Wang,1, 6 Jie Yang,1 Chang-Jin Zhang,1, 2 and Liu Ye1, ∗
1School of Physics and Material Science, Anhui University, Hefei 230601, China
2Institutes of Physical Science and Information Technology, Anhui University, Hefei 230601, China
3Department of Experiment and Practical Training Management, West Anhui University, Luan 237012, China
4School of Physics and Electronic Engineering, Fuyang Normal University, Fuyang 236037, China
5Key Laboratory of Functional Materials and Devices for Informatics of Anhui
Educational Institutions, Fuyang Normal University, Fuyang 236037, China
6CAS Key Laboratory of Quantum Information, University of Science and Technology of China, Hefei 230026, China
7Key Laboratory of Opto-Electronic Information Acquisition and Manipulation
of Ministry of Education, Anhui University, Hefei 230601, China
The ability that one system immediately affects another one by using local measurements is regarded as
quantum steering, which can be detected by various steering criteria. Recently, Mondal et al. [Phys. Rev. A
98, 052330 (2018)] derived the complementarity relations of coherence steering criteria, and revealed that the
quantum steering of system can be observed through the average coherence of subsystem. Here, we experimen-
tally verify the complementarity relations between quantum steering criteria by employing two-photon Bell-like
states and three Pauli operators. The results demonstrate that if prepared quantum states can violate two setting
coherence steering criteria and turn out to be steerable states, then it cannot violate the complementary settings
criteria. Three measurement settings inequality, which establish a complementarity relation between these two
coherence steering criteria, always holds in experiment. Besides, we experimentally certify that the strengths
of coherence steering criteria dependent on the choice of coherence measure. In comparison with two setting
coherence steering criteria based on l1 norm of coherence and relative entropy of coherence, our experimental
results show that the steering criterion based on skew information of coherence is more stronger in detecting
the steerability of quantum states. Thus, our experimental demonstrations can deepen the understanding of the
relation between the quantum steering and quantum coherence.
I. INTRODUCTION
Quantum steering describes a nontrivial trait of quantum
world that one subsystem of bipartite systems can instan-
taneously affects another one by using local measurements
[1, 2]. In contrast to the entanglement [3] and Bell nonlo-
cality [4, 5], quantum steering has been attracted extensive
attentions in the field of quantum information only in recent
years [6]. The detection of quantum steering can be realized
through the violations of steering criteria (also called steer-
ing inequalities), which can be obtained by using correlations,
state assemblages, and full information [7]. There are vari-
ous steering criteria, including linear and nonlinear steering
criteria [8, 9], steering inequality from uncertainty relations
[10–13], steering criterion from geometric Bell-like inequal-
ity [14], steering inequalities from the semidefinite programs
[15], and full information steering inequality [16]. So far,
quantum steering embodies vital application values in sub-
channel discrimination, resource theory of steering, quantum
communication, quantum teleportation, randomness genera-
tion, and so on [7]. Also, it has been demonstrated in a series
of significant experiments [17–26].
Coherence, which originates from the superposition prin-
ciple of quantum mechanics, reflects one of fundamental
essences in many quantum phenomena [27, 28]. Although
the inverstigations concerning coherence have a long-standing
history, however, the rigorous quantification of coherence in
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the field of quantum information had never estalished. Un-
till 2014, based on incoherent operations, Baumgratz et al.
[29] put forward the general frame of quantifing coherence
for quantum states, and this quantification relies on a fixed
reference basis. One can measure quantum coherence via l1
norm of coherence [29], relative entropy of coherence [29],
robustness of coherence [30, 31], and skew information of co-
herence [32–34]. Recently, quantum coherence becomes a hot
topic in both theory [35–40] and experiment [41–44]. It plays
a central part in different fields, such as quantum metrology,
quantum thermodynamics, quantum algorithms, and quantum
channel discrimination [27].
Noteworthily, it is a new tendency for theoretically explor-
ing the complementarity and trade-off relations among differ-
ent quantities in recent years. According to these relations,
a bound for a quantity can be established via another com-
plementary quantity. The understanding of the quantum state
space and information as well as correlation can also deep-
ened through these relations. There are several promising ef-
forts in concerning fields [45–52]. Singh et al. [45] obtained
complementarity between maximal coherence and mixedness,
and examined the limits imposed by mixedness of a quantum
system with respect to quantum coherence. Cheng et al. [46]
explored complementarity relations between the coherences
of mutually unbiased bases, and derived relations among co-
herence, purity, and uncertainty. Considering the maximal vi-
olations of the Clauser-Horne-Shimony-Holt inequality, the
trade-off relations of Bell violations among pairwise qubit
systems were investigated by Qin et al.[47], and the relations
constrain the distribution of nonlocality among the subsys-
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2tems . By using the relative entropy of coherence, Sharma et
al. [48] presented the trade-off relation between the systems
coherence and disturbance induced by a completely positive
trace-preserving map. For a multipartite system, the trade-off
relations for tripartite nonlocality were established by Zhao
et al. [49]. Experimentally, different complementarity and
trade-off relations were also tested [53–55]. By employing a
photonic qutrit-qubit hybrid system, Zhan et al. [53] experi-
mentally verified contextuality-nonlocality trade-off relation,
and the results certified that entanglement is a particular form
for fundamental quantum resource. Weston et al. [54] ex-
perimentally tested the universally valid complementarity re-
lations satisfied for any joint measurement of two observables
. In two noncommuting reference bases, Lv et al. [55] experi-
mentally verified the trade-off relation of quantum coherence,
and their results displayed that the lower and upper bounds
restrict the sum of quantum coherence under these bases .
Recently, Mondal et al. [56] obtained the complementar-
ity relations between coherence steering criteria by employ-
ing different quantifications of quantum coherence. This work
established a connection between two valuable quantum re-
sources in quantum information task, i.e., quantum steering
and quantum coherence. However, the test of the complemen-
tarity relations in experiment is still lacking. The concerning
investigation may further deepen our understanding of the re-
lation between the quantum steering and quantum coherence
in practice. Also, it can demonstrate a new method to de-
tect quantum steering in experiment, namely, witness quan-
tum steering of system via detecting quantum coherence of
subsystem. Motivated by this, we experimentally verify the
complementarity relations between different coherence steer-
ing criteria in this work. The experimental results show that
one setting coherence steering criteria cannot be violated if its
complementary criteria can be violated by prepared states. In
comparison with two setting coherence steering criteria from
l1 norm of coherence and relative entropy of coherence, the
prepared states are more easy to violate two setting coherence
steering criterion based on skew information of coherence,
suggesting that it can detect more steerable states in experi-
ment.
II. COHERENCE STEERING CRITERIA AND
COMPLEMENTARITY RELATIONS
Considering two quantum systems A and B prepared by
Alice, which form an entangled state ρAB . And then, the
system B is sent to Bob. The task of Alice is to make Bob
believe the fact that the state shared by them is indeed entan-
gled, hence, the nonlocal correlation is shared by them. How-
ever, Bob does not trust Alice and only considers the system
B is quantum. Also, Bob thinks that Alice may use a single
quantum system B to cheat him [17]. If and only if the state
of Bob cannot be represented by using the local hidden state
(LHS) model [6] ρAa =
∑
λ p(λ)p(a|A, λ)ρQB(λ), then Bob
accepts the fact that the ρAB prepared by Alice is an entan-
gled state, and nonlocal correlation is shared by them. Here,
λ is hidden variable with
∑
λ p(λ) = 1, and ρ
Q
B(λ) is LHS.
{p(λ), ρQB(λ)} denotes an ensemble of preexisting LHS for
Bob, p(a|A, λ) indicates the stochastic map of Alice, which
is used to convince or fool Bob via ρAa . The ρAB is steer-
able state if and only if the joint probabilities of measurement
outcomes (Alice performs the measurement of A on her sub-
system and obtains the outcome a ∈ {0, 1}, Bob performs the
measurement of B and obtains the outcome b ∈ {0, 1}) cannot
be described by employing a local hidden variable-local hid-
den state (LHV-LHS) model, namely P (a, b|A,B, ρAB) =∑
λ P (λ)P (a|A, λ)PQ(b|B, ρλ), where PQ(b|B, ρλ) is prob-
ability of the outcome b corresponding to measurement B.
In 2018, Mondal et al. [56] proposed the coherence steer-
ing criteria, which can help us to observe the quantum steer-
ing of a two-qubit state via the quantum coherence of sub-
system. Consider two-qubit states ρAB = (I ⊗ I + r · σ ⊗
I + I ⊗ s · σ +∑i,j tijσi ⊗ σj)/4 and three Pauli operators
{σi}(i = x, y, z) as a complete set of mutually unbiased bases
(MUBs), where r = tr (ρABσ ⊗ I), s = tr (ρABI⊗ σ), and
tij = tr (ρABσi ⊗ σj) . Assuming that Alice implements a
projective measurement on her system by using the eigenba-
sis of σi and the corresponding outcome is a ∈ {0, 1}. The
corresponding probability is p(ρB|Mia) = tr[(M
i
a ⊗ I)ρAB ],
and measurement operator is M ia = [I + (−1)aσi]/2. Sim-
ilarly, Alice can measure her system by employing another
measurement operatorMka = [I+(−1)aσk]/2, and k 6= i, k ∈
{x, y, z}. For each projective measurement implemented by
Alice, Bob can measure the coherence of his conditional state
ρB|Mia under the eigenbasis of every Pauli operator. Accord-
ing to the number of Pauli operators chosen by Bob, the co-
herence steering criteria can be divided into one measurement
setting (or one setting) and two measurement setting (or two
setting), respectively [56]. Explicitly, the probability superpo-
sition of coherences of ρB|Mia can be defined as
SB` (ρAB) =
∑
i,a
p(ρB|Mia)C
q
i+`(ρB|Mia), (1)
where ` ∈ {0, 1, 2}, Cqi (ρ) represents different coherence
measures under the eigenbasis of Pauli operator σi, in-
cluding l1 norm of coherence (q = l1C and Cl1Ci (ρ) =∑
i 6=j |〈ki| ρ |kj〉|), relative entropy of coherence (q = REC
and CRECi (ρ) = S(ρ
diag) − S(ρ), and skew information of
coherence (q = SIC and CSICi (ρ) = −(Tr[
√
ρ, σi]2)/2).
{|ki〉 , |kj〉} denote the eigenvectors of σi, S(x) is the von
Neumann entropy, and ρdiag =
∑
i |ki〉 〈ki| ρ |ki〉 〈ki|. If Bob
measures the coherence only in one Pauli operator σi, which
is same as each projective measurement chosen by Alice (i.e.,
` = 0), and then the one setting coherence steering criteria are
given by
SB0 (ρAB) =
∑
i,a
p(ρB|Mia)C
q
i (ρB|Mia) 6 ε
q. (2)
Here, q ∈ {l1C,REC,SIC}, and εq ∈ {
√
6, 2.23, 2} repre-
sent corresponding upper bounds for different coherence mea-
sures. The criteria cannot be violated by the state with the
3LHS model. If Bob measures the coherence in the eigenba-
sis of another two Pauli operators σj and σk (j 6= k 6= i)
(corresponding to ` = 1, 2), which are different from the one
chosen by Alice’s measurement, there exists the two setting
coherence steering criteria
1
2
SB12(ρAB) =
1
2
(SB1 (ρAB) + S
B
2 (ρAB)) 6 εq. (3)
Any state with the LHS model obeys these steering criteria.
The violation of the criteria means that the ρAB is steerable.
If Bob measures the coherence under the eigenbasis of three
Pauli operators after each projective measurement performed
by Alice on her subsystem, the inequality of three measure-
ment settings is
1
3
SB012(ρAB) =
1
3
(SB0 (ρAB) +S
B
1 (ρAB) +S
B
2 (ρAB)) 6 εq.
(4)
This inequality cannot be used to detect the quantum steer-
ing of ρAB due to the fact that the inequality is satisfied by
all two-qubit states. In reality, the Eq. (4) describes a com-
plementarity relation between one setting coherence steering
criteria and two setting coherence steering criteria, that is,
1
3
SB012(ρAB) =
1
3
(SB0 (ρAB) + S
B
12(ρAB)) 6 εq. (5)
The results manifest that if one criterion between Eqs. (2) and
(3) is violated, and then the other one as a compensation can
never be violated.
III. EXPERIMENTAL DEMONSTRATIONS AND RESULTS
In the process of our experimental implementation, we
choose two-photon Bell-like states as test states. The polar-
ized photons are encoded as qubits. The horizontally and ver-
tically polarized states are described by using |H〉 and |V 〉,
respectively. Hence, two-photon Bell-like states are
ρAB = |φAB〉 〈φAB | (6)
with
|φAB〉 = cos θ |HH〉+ sin θ |V V 〉 . (7)
TABLE I. The settings of wave plates for realizing different PMOs
on the photon of Alice in the module (b).
Settings Mx0 Mx1 M
y
0 M
y
1 M
z
0 Mz1
w1 HWP HWP QWP QWP HWP HWP
θ1 22.5
◦ −22.5◦ 45◦ −45◦ 0◦ 45◦
w2 HWP HWP QWP QWP HWP HWP
θ2 22.5
◦ −22.5◦ −45◦ 45◦ 0◦ 45◦
Mirror
QWP SPDIF
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(a) State preparation (b) Measurement (c) Quantum state tomography
FIG. 1. Experimental setup. The module (a) is used to prepared two-
photon Bell-like states. Module (b) is used to achieve local measure-
ment on photon of Alice and the prepared states will be transformed
into the postmeasurement state. Module (c) is used to carry out three
Pauli measurement for the photons of Alice and Bob, and also per-
form the tomography for quantum state. Abbreviations: PBS, po-
larizing beam splitter; HWP, half-wave plate; BBO, type-I β-barium
borate; QWP, quarter-wave plate; IF: interference filter; SPD: single
photon detector. w1 and w2: the types of wave plates; θ1 and θ2: the
angles of optical axes of wave plates.
Figure 1 provides the schematic diagram of all-optical ex-
periment setup which is used to realize the verification of the
complementarity relations. The setup contains three modules.
The yellow area is the module (a) to prepare test states. To
be explicit, high-power continuous pumped beam (the power
is 130mW and the wavelength is 405nm) passes through
the polarization beam splitter (PBS). The state of pumped
beam transforms into horizontally polarized state |H〉. This
light beam first passes through the half-wave plate (HWP),
and then is focused on two type-I β-barium borate (BBO)
crystals (6.0 × 6.0 × 0.5mm3, and the optical axis is cut
at 29.2o). Under the spontaneous parametric down conver-
sion [57], Bell-like states |φAB〉 = cos θ |HH〉 + sin θ |V V 〉
shared by a pair of entangled photons (the central wavelength
is 810 nm) are prepared. The state parameter θ can be eas-
ily changed by controlling the angle of optical axis of HWP.
Experimentally, we set θ to 0o, 10o, 20o, 30o, 40o, 45o, 50o,
60o, 70o, 80o, and 90o, respectively. The average fidelity
of these test states is F¯ = 0.9987 ± 0.0041, which is ob-
tained according to F (ρ, ρ0) ≡ Tr
√√
ρρ0
√
ρ. Here, the the-
oretical and experimental density matrices are indicated by
ρ0 and ρ, respectively. In experiment, we estimate the er-
ror bars according to the statistical variation of coincidence
counts obeyed the Poisson distribution [58]. The green area
in Fig. 1 is the module (b) of local projective measurement,
and the module is to implement the local projective measure-
ment on the photon of Alice. This module consists of a PBS
and two wave plates (denoted by w1 and w2, corresponding
rotation angles of the optical axes are θ1 and θ2). A com-
plete set of MUB measurements areX = {|D〉 〈D| , |A〉 〈A|},
Y = {|R〉 〈R| , |L〉 〈L|}, and Z = {|H〉 〈H| , |V 〉 〈V |}.
Here, {|D〉 = (|H〉 + |V 〉)/√2, |A〉 = (|H〉 − |V 〉)/√2},
{|R〉 = (|H〉 + i |V 〉)/√2, |L〉 = (|H〉 − i |V 〉)/√2}, and
{|H〉 , |V 〉} are eigenvectors of σx, σy , and σz , respectively.
For simplicity, we use Mx0 = |D〉 〈D|, Mx1 = |A〉 〈A|, My0 =
|R〉 〈R|, My1 = |L〉 〈L|, Mz0 = |H〉 〈H|, and Mz1 = |V 〉 〈V |
to represent six projection measurement operators (PMOs) in
our experiment. These operators can be realized by adjusting
the types and angles of wave plates in module (b), as shown
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FIG. 2. Experimental results of the l1 norm of coherence. The red
squares indicate the experimental results of SB012(ρAB)/3. The pur-
ple squares denote the experimental results of SB12(ρAB)/2 and the
green squares represent the experimental results of SB0 (ρAB), re-
spectively. The corresponding theoretical predictions are represented
by using solid lines with different colors. The black dashed line rep-
resents the upper bound εl1C =
√
6.
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FIG. 3. Experimental results of the relative entropy of co-
herence. The red squares indicate the experimental results of
SB012(ρAB)/3. The purple squares denote the experimental results of
SB12(ρAB)/2 and the green squares represent the experimental results
of SB0 (ρAB), respectively. The corresponding theoretical predictions
are represented by employing solid lines with different colors. The
black dashed line represents the upper bound εREC = 2.23.
in Table I. For each Bell-like state prepared in experiment, the
postmeasurement states are expressed by ρMx0B , ρMx1B , ρMy0B ,
ρMy1B , ρMz0B , and ρMz1B . The pink area in Fig. 1 indicates the
module (c) of the quantum state tomography [59, 60], which
is used to attain density matrices of quantum states.
Now let us turn to verify the complementarity relations be-
tween quantum steering criteria in experiment. The experi-
mental measurement probabilities p(ρB|Mia) in Eqs. (2)-(4)
are obtained by virtue of coincidence counts [61], and the cor-
responding coherence Cqi (ρB|Mia) are calculated according
to the density matrices of 66 postmeasurement states restruc-
tured via quantum state tomography. Thus, the experimental
results of SB0 (ρAB), S
B
12(ρAB)/2, and S
B
012(ρAB)/3 can be
attained in different coherence measures. In detail, Fig. 2 and
Table II depict the results based on l1 norm of coherence (l1C).
Figure. 3 and Table III provide the results based on relative
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FIG. 4. Experimental results of skew information of coherence. The
red squares indicate the experimental results of SB012(ρAB)/3. The
purple squares denote the experimental results of SB12(ρAB)/2 and
the green squares represent the experimental results of SB0 (ρAB), re-
spectively. the corresponding theoretical predictions are represented
by using solid lines with different colors. The black dashed line rep-
resents the upper bound εSIC = 2.
TABLE II. Experimental data of SB012(ρAB)/3, SB12(ρAB)/2, and
SB0 (ρAB) for the l1 norm of coherence.
θ SB012(ρAB)/3 S
B
12(ρAB)/2 S
B
0 (ρAB)
0o 2.0062±0.0195 2.0017±0.0200 2.0150±0.0186
10o 2.1915±0.0307 2.3376±0.0303 1.8993±0.0317
20o 2.2750±0.0197 2.6373±0.0171 1.5504±0.0250
30o 2.2474±0.0171 2.8617±0.0149 1.0188±0.0215
40o 2.1085±0.0389 2.9810±0.0447 0.3636±0.0274
45o 2.0095±0.0474 2.9954±0.0465 0.0378±0.0493
50o 2.1060±0.0356 2.9808±0.0389 0.3562±0.0289
60o 2.2453±0.0150 2.8628±0.0117 1.0102±0.0216
70o 2.2740±0.0138 2.6423±0.0113 1.5372±0.0189
80o 2.1892±0.0207 2.3396±0.0214 1.8884±0.0194
90o 2.0018±0.0153 2.0008±0.0156 2.0038±0.0148
entropy of coherence (REC). The results based on skew infor-
mation of coherence (SIC) are depicted in Fig. 4 and Table
IV. It is worthwhile to note that some of the error bars are too
short to exhibit in Fig. 2-4. For all figures, the green squares,
purple squares, and red squares denote the experimental re-
sults of SB0 (ρAB), S
B
12(ρAB)/2, and S
B
012(ρAB)/3, respec-
tively. The corresponding theoretical results are displayed by
means of different colored curves, and the black dotted lines
are the upper bounds εq(q = l1C,REC,SIC) in Eqs. (2)-(4).
As displayed from Figs. 2-4, the experimental results
are in good agreement with the theoretical predictions. No
matter what kind of coherence measure is chosed, the ex-
perimental results of SB0 (ρAB) are anticorrelated with the
ones of SB12(ρAB)/2. Moreover, the experimental results
reveal that if two setting coherence steering criteria are vi-
olated (SB12(ρAB)/2 > ε
q) by prepared Bell-like states,
one setting coherence steering criteria as compensations can-
not be violated (SB0 (ρAB) 6 εq). All prepared Bell-like
states cannot violate three measurement settings inequality
(SB012(ρAB)/3 6 εq).
5TABLE III. Experimental data of SB012(ρAB)/3, SB12(ρAB)/2, and
SB0 (ρAB) for the relative entropy of coherence.
θ SB012(ρAB)/3 S
B
12(ρAB)/2 S
B
0 (ρAB)
0o 1.9680±0.0238 1.9686±0.0199 1.9668±0.0315
10o 2.0557±0.0565 2.1729±0.0550 1.8213±0.0596
20o 2.1079±0.0463 2.4911±0.0490 1.3416±0.0409
30o 2.0934±0.0442 2.7880±0.0512 0.7043±0.0303
40o 2.0127±0.0654 2.9562±0.0911 0.1257±0.0141
45o 1.9832±0.0649 2.9741±0.0920 0.0015±0.0107
50o 2.0089±0.0618 2.9531±0.0859 0.1204±0.0136
60o 2.0932±0.0369 2.7898±0.0421 0.7000±0.0264
70o 2.1149±0.0309 2.5030±0.0334 1.3388±0.0258
80o 2.0570±0.0393 2.1761±0.0402 1.8187±0.0375
90o 1.9658±0.0152 1.9681±0.0126 1.9613±0.0204
TABLE IV. Experimental data of SB012(ρAB)/3, SB12(ρAB)/2, and
SB0 (ρAB) for skew information of coherence.
θ SB012(ρAB)/3 S
B
12(ρAB)/2 S
B
0 (ρAB)
0o 1.8462±0.0364 1.8485±0.0312 1.8415±0.0469
10o 1.9129±0.0773 2.0112±0.0717 1.7164±0.0887
20o 1.8884±0.0751 2.2734±0.0835 1.1184±0.0581
30o 1.9113±0.0775 2.6241±0.1025 0.4857±0.0275
40o 1.9139±0.0962 2.8415±0.1412 0.0587±0.0061
45o 1.8994±0.0924 2.8488±0.1353 0.0005±0.0066
50o 1.8982±0.0922 2.8193±0.1352 0.0560±0.0064
60o 1.9117±0.0695 2.6266±0.0920 0.4819±0.0247
70o 1.9118±0.0584 2.3041±0.0656 1.1273±0.0441
80o 1.9166±0.0647 2.0180±0.0607 1.7139±0.0727
90o 1.8413±0.0264 1.8475±0.0222 1.8288±0.0346
From Figs. 2-4 and Tables II-IV, one can find that seven
prepared Bell-like states (θ = 20o, 30o, 40o, 45o, 50o, 60o, 70o)
can violate two setting coherence steering criteria based on
different coherence measures (i.e., l1C, REC, and SIC). The
results demonstrate that these seven prepared Bell-like states
are steerable states. It also deserves emphasizing that two pre-
pared Bell-like states with θ = 10o and θ = 80o (labeled by 1
and 2 in Figs. 2-4, respectively) can violate two setting co-
herence steering criterion based on skew information of co-
herence. However, these two states cannot violate the criteria
based on l1 norm of coherence and relative entropy of coher-
ence. The experimental results verify that the quantum steer-
ing of these two states can only be detected by the two setting
coherence steering criterion from skew information of coher-
ence, and cannot be captured through the ones from l1 norm
of coherence and relative entropy of coherence. In order to
further certify the results, we perform steering inequality tests
on these two states by using steering inequality from general
entropic uncertainty relation (SIGEUR), which is an effective
tool to detect quantum steering [12, 25, 26]. The SIGEUR
is written as (n− 1)−1∑i {1−∑ab [(p(i)ab )n/(p(i)a )n−1]} >
C
(n)
B withC
(n)
B = mlnn[md/(d+m−1)] for n ∈ (0, 2]. Here,
lnn(x) = (x1−n−1)/(1−n), and p(i)ab (i = x, y, z and a, b ∈{0, 1}) represents the probability of outcome (a, b) for a set
of measurements Ai ⊗ Bi implemented both on the photons
TABLE V. The settings of HWP and QWP in the module (c) for dif-
ferent PMOs implemented on both Alices photon and Bobs photon.
Settings Mx0 Mx1 M
y
0 M
y
1 M
z
0 Mz1
The angle of HWP 22.5◦ −22.5◦ 22.5◦ −22.5◦ 0◦ 45◦
The angle of QWP 45◦ 45◦ 0◦ 0◦ 0◦ 0◦
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FIG. 5. Experimental results of LHS-SIGEUR for prepared Bell-like
states with θ = 10o and θ = 80o.
of Alice and Bob. p(i)a is the probability of marginal out-
come for measurement Ai of Alice. d is the dimension of
system, and m is number of MUBs. In our experiment, d = 2,
m = 3, and we choose n = 2 due to that the SIGEUR is the
strongest one in this case [12, 25, 26]. Hence, the lower bound
C
(n)
B = 1. In technology, we remove the module (b) in Fig. 2,
and use module (c) to achieve the six PMOs performed on
both Alices photon and Bobs photon, as illuminated in Table
V. Thereby, the steering inequality test can be implemented
on prepared Bell-like states with θ = 10o and θ = 80o. One
can conveniently calculate p(i)ab and p
(i)
a according to the co-
incidence counts in experiment. The experimental results are
plotted in Fig. 5. It is demonstrated that the experimental left
hand sides of SIGEUR (LHS-SIGEUR) for prepared Bell-like
states with θ = 10o and θ = 80o are equal to 0.8869 ± 0.0049
and 0.8876 ± 0.0043, respectively. These results violate the
SIGEUR, and further certify that the prepared Bell-like states
with θ = 10o and θ = 80o are steerable states. It means that
two setting coherence steering criterion based on skew infor-
mation of coherence can indeed detect more steerable states
than the ones based on l1 norm of coherence and relative en-
tropy of coherence.
IV. CONCLUSIONS
In this work, we experimentally demonstrate the comple-
mentarity relations between quantum steering criteria by em-
ploying prepared Bell-like states with high fidelity and three
Pauli operators. The experimental results are in accordance
with the theoretical curves very well, and one can reveal the
steerability of system by detecting the average coherence of
subsystem. Whatever coherence measure is used, three mea-
6surement settings inequality is always obeyed by all prepared
Bell-like states in experiment. Meanwhile, the experimental
SB0 (ρAB) are anticorrelated with the S
B
12(ρAB)/2. If the pre-
pared Bell-like states violate two setting coherence steering
criteria, then the states cannot violate one setting coherence
steering criteria. Furthermore, The strengths of coherence
steering criteria rely on the choice of coherence measure. In
comparison with two setting coherence steering criteria based
on l1 norm of coherence and relative entropy of coherence,
two setting coherence steering criterion based on skew infor-
mation of coherence is more effective in witnessing steerable
states. Our experimental results may deepen the understand-
ing of the connection between the quantum steering and quan-
tum coherence.
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